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ABSTRACT

A series of one-dimensional and two-dimensiona] computer calculations
was performed to anaTyze the performance characteristics of an H.D.L. -
designed, normally-open type stress wave switch. The computer results show
some differences with respect to the published experimental data.



INTRODUCTION

At the request of Harry Diamond Laboratory, a series of one-dimensional
and two-dimensional machine calculations was performed using LLL computer
codes KOELAS and HEMP (Ref. 1 & 2). These codes were used to evaluate the
closure response of a model designed by H.D.L. for simulating the performance
of a normally-open, stress wave impact switch (Ref. 3).

The two computer codes used in this analysis were developed for LLL by

Mark L. Wilkins. They use the methods of finite differences and the Langrangian

formulation to solve the conservation equations of one- and two-dimensional

elastic-plastic flow.

In this report, the performanté characteristics for this stress wave
switch, as predicted by the codes, will be compared to the experimental data
that were generated by H.D.L.

DISCUSSION

The model used by H.D.L. for generat{ng experimental data on the per-
formance characteristics of a normally-open, stress wave impact switch is
described in Fig. 1. Prior to impact, a small gap separates the insulated
contact from the switch plate. After being impacted by the projectile, a
stress wave 1is genérated in the switch plate. When this stress wave reaches
the free surface of the plate, opposite the contact, it displaces this surface.
If the stress wave is of sufficient magnitude and durdation, it will cause the

free surface to close the gap and activate the switch.

The experimental data and the results of two different one-dimensional
analyses for tﬁe performance of this switch, as described in Reference 3,
are shown in Fig. 2. The lower curve was generated by impedance matching
methods, and the other curve was génerated from a one-dimensional elastic

stress-wave computer code.



The model used for the KOELAS 1-D calculations is described in Fig. 3.
A series of infinite plates are used to fiodel the various switch elements.
Each element is sub-divided into zones, and the number of zones per element
is indicated in the figure. Because of it's relative size, the gap was treated
as a void instead of an element consisting of air. This eliminated zonal
instability problems from occurring in the computer calculations and has no
adverse effect on the results. '

The tower curve in Fig. 4 shows the results of the KOELAS 1-D computer
calculations for an impact velocity of 29.0 m/sec. This curve indicates a
transient time for the switch plate of approximately 3 usec. The longitudinal
shock velocity for this plate was calculated at 5.3 mm/us, which is in agree-
ment with published data for stainless steel. The code's void routine indicates
that a separation between the projectile and switch plate occurs at approximately
32 psec. In general, the KOELAS results predict closure times much faster
than the experimental data

Figure 5 shows the diagram for the switch used in the HEMP 2-D computer
calculations. In this case, each element was divided into a grid consisting
of J- and K-lines. The K-lines 49,-52 and 52 represent, respectively, the
free surface and impact surface of the switch plate and the impact surface of
the projectile. The switch's axis of symmetry is represented by the line J-8.
For simplicity in zoning, the brass contact was eliminated as one of the elements
in the HEMP calculations.

The upper two curves in Fig. 4 were generated by HEMP, and they represent
the position-time history of the node point K-49, J-8 for impact velocities
of 24.0 and 29.0 m/sec. As expected, the HEMP ca]culafions compute closure
times slower than the 1-D talcu]ations, but still much faster than the experi-
mental data. HEMP also shows a gradual change of slope in the curves at about
40 to 45 psec, while the experimental data indicate a step change at 50 usec.
This change in free surface velocity can be attributed, as shown in Fig. 6, to
the separation of the switch plate from the projectile. Figure 6 shows the
separation occurring at about 39 usec for the 29.0 m/sec impact velocity.



SUMMARY

The KOELAS 1-D computér calculations for the stress wave switch per-
formance showed limited agreement with the experimental data. The closure
times were considerably faster than the raw data, and, also, they showed no
indication of a step change in performance at 50 usec.

The HEMP results, which are more representative of the system, also
showed closure times faster than the raw data, but they did indicate a slight .
change in performance at approximately 45 usec.

Since neither KOELAS, HEMP or the H.D.L. 1-D analysis were capable of
predicting the switch operation with adequate accuracy, a question must be
raised as to the accuracy of the experimental points, especially since each
point represents the resu]ts of only one experiment. Additional experiments
wou]d‘prdvide data which could aid in resolving the discrepancy between the
computer predictions and the experimental data.
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